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(71) We, UNION CARBIDE COR- 
PORATION, a Corporation organised under 
the Laws of the State of New York, United 
States of America, of 270 Park Avenue, New 
York, State of New York 10017, United 
States of America, do hereby declare the 
invention for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

Siloxane-polyoxyalkylene block copolymers 
have found wide acceptance as foam stabilizers 
in the production of polyurethane foams. A 
[15 preferred class of such block copolymers arc 
those wherein the blocks are linked by silicon 
to carbon bonds. These preferred block co- 
polymers ("non-hydrolyzable" block copoly- 
mers) exhibit a greater degree of hydrolytic ' 
120 stability than similar block copolymers in 
which the blocks are linked by silicon to 
oxygen to carbon bonds. It is at times desir- 
able to employ such preferred non-hydrolyz- 
able block copolymers as foam stabilizers for 
£25 polyurethane foams intended for use as ther- 
mal insulation. In that use, it is desirable 
that the polyurethane foams have mostly or 
exclusively closed cells rather than open cells 
as open cells provide a relatively thermally 
e 30 conductive gas path through the foam. 

In the production of closed cell poly- 
urethane foams for use as thermal insulating 
materials, siloxanc- polyoxyalkylcnc block co- 
r polymers wherein the polyoxyalkylcnc blocks 
P35 contain alcoholic hydroxyl end groups arc 
particularly useful as such block copolymers 
arc compatible with prcmixrures of the 
polyols, blowing agents and catalysis usually 
formulated and stored prior to reaction with 
40 a polyisocyanarc to produce the foams. 

A widely accepted procedure for produc- 
ing non-hydro iyzablc siloxanc-polyoxyalkylcnc 
block copolymers wherein the polyoxyalkylcnc 
blocks contain alcoholic hydroxyl end groups 
p.45 involves reacting a siloxanc containing an SiH 
group with a linear polyoxyalkylcnc polymer 
whose linear chain is terminated at one end 

[Price 25 p] 



with an alkenyl group and at the other end 
with either an alcoholic hydroxyl group or 
a group readily convertible to an alcoholic 50 
hydroxyl group. The latter reaction is con- 
ducted in the presence of a chloroplatinic acid 
catalyst (e.g., chloroplatinic acid, its hydrate 
or a complex of chloroplatinic acid). The SiH 
groups add to the alkenyl groups to produce 55 
the block copolymer. When the polyoxy- 
alkylene reactant contains an alcohoiic 
hydroxyl end-blocking group, such groups can 
also react to come extent with the SiH groups 
thereby decreasing the content of die desired 60 
hydroxyl groups in the block copolymer pro- 
duct. This side reaction also undesirably 
increases the viscosity of die block copolymer 
product by crosslinking some of the siloxane 
blocks. When the polyoxyalkylene reactant 65 
contains an end group readily convertible to 
a hydroxyl group, the undesirable side reaction 
of the hydroxyl group and SiH groups does 
not occur but the block copolymer formed 
therefrom must be further processed to 70 
regenerate the hydroxyl groups. 

SHoxane-polyoxyalkylene block copolymers 
nominally free of alcoholic hydroxyl groups 
arc also produced by a chloroplatinic add 
catalyzed addition reaction between a siloxanc 75 
containing SiH groups and a polyoxyalkylene 
polymer. In such cases, the polyoxyalkylcnc 
polymer reactant is usually a linear polymer 
whose linear chain is theoretically terminated 
at one end by an alkenyl group and at the 80 
other end by a monovalent organic group free 
of aliphatic carbon to carbon multiple bonds 
(e.g., an alkoxy group or an acyloxy group). 
In actual practice, however, it is difficult to 
prepare such polyoxyalkylcnc polymer re- 85 
actanrs free of mincw amounts of polyoxy- 
alkylene polymers terminated with an alkenyl 
group and, rather than the desired monovalent 
organic group, a hydroxyl group. When these 
polyoxyalkylcnc polymers arc reacted with 90 
siloxancs containing SiH groups, the hydroxyl 
terminated impritics can react with Sill to 
produce crosslinks in the siloxanc-polyoxy- 
alkylcnc block copolymer with the result that 
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viscosity of the copolymer is higher than it 
would otherwise be. e n 

nriSj^f <; t ? iffi ™ k, " cs arc encountered when 
other olcfimcally unsaturated alcohols fee 
ally! alcohol and the monoallyl ether 0 f tn- 
incthylol propane) arc reacted with hydro- 
aloxancs by known addition processes That 
5 £ ^^f* tend toreact wlrt^S 
» the extent that the final products may be 
relatively useless gels. y 
This invention provides a process for pro- 

S3 Lnked to a si «con atom 

mn^w!!l. aIkylene ^"P containing at least 
fo™;^ 011 atom V- whi ^ process fomprSS 
coS a a „ mi |-w C ° f 3 S1 ' l0xanc rcactanfthat 
Tphatic ^ H ^P and that is free of 
a reac2;r^ n w . cuboa multiple bonds, 
areacant that contains an alcoholic hydroxy! 

£S£^f u efinic double bo°d» ^ basic 
r d ^ ^Pound being a com- 
fSw 15 ^-soluble and imparo 

a pH from 8.0 to 12.0 to water at 0.1 N^on- 

S£T ° f ^ *" is w «er-insoluble^t 

and. ten parts by volume of iso- 
H 0, « ld a pH from 8.0 to S 

a cSoroS^ at -,°- 1 N ^ncentration, J£d 
4 f^Pktuuc acid catalyst (as hereinafter 

the olefin* bond and thereafter maKin K 
the mixture at a temperature at which SI 
add-on occurs to produce <he 

D rSf/« prefCrred e ? b °diment, this invention 
provides a process for producW a siloxane- 
po yoxyalkylene block copolymer having ■ 
polyoxyalkylene block St conS g a n 

ikSs i i? m - of a s - u ? xane biock «i«s5?i5 

S UP contauiin S at least two carton 
atoms, said process comprising (1) forming a 
of a siloxane 4ctanVthat Sns 
£r£ft?~l and ? at is free of aliphatic 

2& P ?? aer , rCactant co °^ in 

Qoublt LnJ^ 0 ^ 1 - gr0U P and an olefink 
Qouble bond, a basic compound, said ba^ir 

water-soluble and imparts a pH from 8.0 to 
12 0 to water at 0.1 N concentration or ft? 
that is water-insoluble but soluble b a m£- 

SSst'vor" 3 b /- V ° Iumc of wate?andTn 
SHfrSm^S™ t °' i»P«P*nol and imparts a 
PH from 8.0 to 12.0 to said mixture at 0 IN 

Stalvs fo^ 3 ^-. a <*^oplatfmc aC S 
addlti °n of the SiH group to 
^ olefinic bond and (2) maintaining fhe mix- 
™ r« lem f erature at which the* addition 
occurs to produce the block copolymer with 
o« any substantial reaction of^dr^ 

.„ ? e u Pr0CCSS .. of invention is eenerallv 
applicable to siloxane reactants comai£ siH 
groups and free of aliphatic carbon to carbon 



3Ssn?r fc i, b ?^c r "-' frcc of accrylcnic and 
£" c b °nds). Such siloxane reactants include 

by£VrSr s both groups rcprcscmcd 

H.SiO 4-(a + b) 



(1) 



and groups represented by the formula: 
R.SK) 4-c 



(2) 

«f W mono I ale « hydrocarbon group 
Wi. J? 1 ™* a*on to carbon multiple 
hands a to a value of 1 or 2, 4 has a value 

and e has a value of 1, 2 or 3 

Preferred siloxane reactants for use in the 
process of this mvention are those repr^?nt7d 
by the average formula: 



RaSiO^iO^CRSiHO^SiR, 



(3) 



90] 



jS"! 1 ? R t » 8 monovalent hydrocarbon group 
^Phatic carbon to carbon multipk 

K'>f a haS Y^ 6 from 0 t0 200 incurve 
and y has a value from 1 to 50 inclusive 

f J^,,^,?^ groo P s "Presented by R in 
formula (1), (2) and (3) are the liaea? alkS 
groups (e.g the methyl, ethyl, propyl/ buS 
0 «adecyl and dodecy Vui), Se 
cyclic f alkyl grpups (e.g. the cydoburRcto- 

W" 5 ' 1 ^P^ the a2£l 
groups (e.g., the benzyl and beta-phenyl ethvl 

xyiyl groups) and the aryl groups fe e the 
phenyl and naphthyl groups) 1 g " 

an ? e u? r0CCSS of Mention is generally 
a f£^ b \^ rea ? ants containing boAii 

dS?SoJd ydroxyI ^ and fn *«* 

Suitable alcohol reactants include allr^nnic 
frf , allyl alcohol me±allyl aTcohol, btS? 
pentenol, etc.), alkenyl ethers of po y°k aSd 
alkenyl ethen of polyoxyalkylene polymers 

Such alkenyl ethers of polyok ffie- 
trimethylolethane monoaUyl ed, J; truSS" 

monoaUyl ether; and other monoallyl ethcreof 

»jrMsau-ya,£= 115] 



100] 



105] 



1101 



r 



cety T/ ^ic and 
-cc nclude 
s presented 
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(1) 



formula: 



(2) 

xarbon group 
bon multiple 
3 has a value 75 
of 1, 2 or 3 

?r use in the 
t represented 



SiR 3 



(3) 



car. group 
*>n multiple 
200 inclusive 
inclusive. 
zed by R i n 

linear alkyl 
xopyl, butyj, 
groups), the 
outy], cyclo- 

thc aralkyi 
phenyl ethyl 
ae tolyl and 
^ (e.g., the 

is generally 
'-5 both an 
an olefinic 

Jdc alkcnols 
10J, butcnol, 
polyols and 
polymers, 
•s include: 
trirncthylol- 
hylolbuianc 
•'yl cihcrs of 
the analo- 
:thy!ol pro- 
illustration, 

Ztcr' arc 

c -nta- 
^ation, suit- 
^ls include 
ncxanctrioi, 



85 



90 



95 



^W. P « a^ The 
propane, 2-cydofaexyI, 2-allylox^ethyl JS- mT^rh ^ ^tAlt 

panediol-l, 3 and 2^dohLyr?hydrox?- ISws? ' Pr0CCSS ° f *" mvm are « *>1- 
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Formula 

CH 3 CH 2 C(CH l OH) 2 CH 2 OCH 2 CH=CH 2 
CH ? CH 2 C(CH J OCH 2 CH=CH l ) 2 CH 2 OH 
C(CH 2 OH) 3 CH J OCH 2 CH=Cair 
QQH I OCH 1 CH=CH l ) 2 (CH 2 OH). 

(CH,),€CCH t OH)CH 1 OCH t CH=CH s 

C 6 H,C(CH 2 OHXCH 2 OCH 2 CH==CH 2 

G t H 6 C(CH 2 OCH 5 CH=CH ? ) 2 CH 2 OH 



Other alkenyl ethen suitable for use in the 
process of this invention are the following: 

2-phenylj 2-allyloxymethyl propanol; 
2-methyI, 2-allyloxymethyl propanol; 
<*>« - dimethylolethylbenrene monoallyl 

ether (2-phenyI, 2-methyl, 1,3-propane- 

diol monoallyl ether); 



. Name 
Tnmethylolpropane monoallyl ether 
Tnmethylpropane di-allyl ether 
Pentaerytfaritol monoallyl ether 
Pencaerythritol diallyl ether 
Pentaerythritol triallyl ether 
Dimethylolpropane monoallyl ether 
(2,2 - dimethyl - 1,3 - propanediol 
monoallyl ether) 

Trimethylolmethylbenzene mono- 
aU^erher (2 - phenyl - 2 -allyloxy- 
nwnyl propanediol - 1,3) 
Trimethylolmethylbenzene diaUy 
cc ^ : 1*^1, 2 - hydroxy 
.moaiyl 1,3 - propanediol -diallyl 
ether) J 



H0CH 2 l£c« 



Off 
i 



-CH 2 0H 



•/O-'CHtCHjJtOH 
tH 2 =CH-CH>^ 

\'-CH 2 . 

*ch 2 =ch 2 chC 



Preferred polyoxyalkylene polymer reactants 
tot use m this invention are those represented 
by the average formula: 



R'0(C,H a O)ai 



(4) 



*0-CH 2 * 



CHjOH 

CH 2 0H 
>tlfeOR 

CH 2 0H 



wherein R is an alkenyl group (e.g. a vinyl, 
allyl, butenyl, pentenyl or a decenyl group), 
a has a value of at least 2 (preferably from 2 
to 4 inclusive) and b has a value of at least 1 
(preferably from 1 to 100 inclusive). Such 
reactants can be used mixed with polymers 
having the average formula: 



R'0(CaH 24 0) b R 



(5) 



*produced by reacting acrolein and pcnia- 
aerythritoi 



wherein R, R', a and b have the above-defined 
meanings. 

When the preferred reactants represented 
by formulas (3) and (4) above are employed in 

■V5S" by. acting ^.cin .„< £ 
pcntacrythntol alkenyl ethers of average formula: process nas tnc 

R,SiO(R : SiO), (RSiO),SiR 3 

R"'0(CH :a O) l .H 
(6) 

fl hCrC i n K H' 7 an alk y )cnc e rou P der'ived 
from the alkenyl group R' and R, a, b, x and 
y have lhc abovc-defined meanings. 

When reactants of formula (3) arc reacted 
with a mixture of reactants of formulas (4) 



HDCH2 
> 



OB 

I 



H0CH 2 \ 



-t|l2 



^D-CHlCH2l 4 tJCH2CH0HCH3 
X fl-CH 2 . 



and alkenyl ethers of: 
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and (5) in the process of this invention, the 
resulting block copolymer has the average 
formula : 

RCOCJI^OR" 
R 3 SiO(R s SiO), (RSiO) m (RSiO) (l SiR 3 
R^OCQH^OXH 

(7) 

wherein R, R", R'", Xf a , b and n have the 
above-defined meanings. 

Formulas (1) through (7) above can repre- 
sent discrete chemical compounds or mix- 
tures. In the latter case, they are average 
formulas. In these formulas, the symbols used 
need not have the same meaning at each 
occurrence in the molecule. 

The basic compounds employed in the pro- 
cess of this invention include any of a wide 
variety of water-soluble materials that, at a 
concentration 0.1N, impart a pH of 8.0 to 
12 to water and water-insoluble but 
watcr-isopropanol soluble materials that, 
at a concentration of 0.1N, impart a 
pH of 8.0 to 12 to water-isopropanol 
admixtures. Suitable basic compounds include 
bases (e.g. magnesium hydroxide) basic salts 
(e.g. sodium carbonate, sodium bicarbonate,' 
sodium sesquicarbonate, calcium carbonate, 
sodium borate, potassium bicarbonate), basic 
metal oxides (e.g. magnesium oxide), organic 
amines (e.g. hexadecyldimethylamine, triethyl- 
amine, tributylamine and 2-ethylhexyIdi- 
methylamine) and mixtures of trisodium phos- 
phate and disodium hydrogen phosphate. 

The term "chloroplatinic acid catalyst" as 
used herein is defined as a catalyst of chloro- 
platinic acid or of a compound derived from 
chloroplatinic acid. 

# The chloroplatinic acid catalysts employed 
in the process of this invention include chloro- 
platinic acid itself, chloroplatinic acid hydrate 
and complexes derived from chloroplatinic 
acid. Suitable complexes derived from chloro- 
?TYx n u lC i.5 cid include: an ar yl nitrile-piatinum 
rrk u com P Iex > an a*yl nitrile-platinum 
(II) halide complex, an alkaryl nitrile-platinum 
(II) hahde complex, an aralkyl nitrile- 
plaunum (II) halide complex, and a haloaryl 
nitrile-platinum (II) halide complex; 

(PtCU— C 3 H 6 ) = 

Sp^i QH aA^^ PtCU— Olefin),; 

H(PtCl 3 — Olefin); and a complex of chloro- 
platinic acid arid nitrogen-containing or 
phosphorus-containing ligand. Such complexes 

f, C c^n Closed in US Patents 3159601; 
3159662; 3188299; 3188300 and 3410886. 
I he chloroplatinic acid catalyst can be 
employed dissolved in a suitable solvent such 
as alcohols (e.g. ethanol and butanol), and 



ethers (e.g. tctrahydrofuran and ethylene 
glycol, dimethyl ether). 

The relative amounts of the siloxanc re- 
actant, polyoxyalkylenc polymer reactant, 
basic compound and catalyst employed in the 6o| 
process of this invention arc not narrowly 
critical. An amount of the polyoxyalkyicne 
polymer reactant that provides an excess of 
olefinic groups is preferred as it ensures com- 
plete reaction of the nforc expensive siloxane v _ 
reactant. The preferred amount of the basic jBi 1° 
compound is from 0.2 to 2.0 weight per cent 
based on the weight of the reactants. The 
preferred amount of the catalyst is that amount 
which provides from 5 to 100 parts of cle- 701 
mental platinum per million parts by weight 
of the reactants. 

If desired, the process of this invention can 
be conducted in a solvent for the reactants. 
Suitable solvents include hydrocarbons such as 75] 
toluene and polyoxyalkylene polymers having 
the formula: 

ROCCH^OXH 
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wherein R, a and b have the above-defined 
meanings. The process is preferably conducted 80] 
by maintaining the reactants at 40 to 120° C 
at atmospheric pressure. Where volatile 
materials are used, the process can be con- 
ducted at pressures above atmospheric pres- 
sure. 8?1 

The block copolymers produced by the pro- 
cess of this invention are useful as foam 
stabilizers in the conventional one-shot pro- 
cess for producing polyurethane foams, 
especially closed cell rigid foams, from poly- 90] 
ether polyols and polyisocyanates. In view 
of their relatively low viscosities and rela- 
tively high hydroxyl contents, the block co- 
polymers produced by the process of this 
invention are more useful in producing such 95] 
foams than block copolymers produced by 
prior processes from polyoxyalkylene poly- 
mers containing alcoholic hydroxyl groups and 
olefinic double bonds without control of pH. 

The following examples illustrate the pre- 100} 
sent invention: 

In the Examples I and II appearing below, 
the block copolymers were produced accord- 
ing to the following general procedure. The &\ 
siloxane reactant and the polyoxyalkylene poly- 105 
mer reactant were placed in a four-necked a 
flask fitted with a still-head, stirrer, thermo- 
meter and sparge tube. The siloxane reactant 
was present in an amount that provided 1.0 _ 
SiH group per 1.3 allyl groups in the poly- HQj 
oxyalkylene polymer reactant. Toluene was 
added to the flask in an amount equal to 50% 
of the weight of the reactants. The basic com- j^l 70 
pound was then added to the flask in the 
amount indicated in the examples. The mix- 115 
ture so formed was sparged with nitrogen and 
heated to 55 °C. Then sparging was discon- 
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U»ng the general procedure , to pn)duce ^ 

6 dCSCribed "^feSA:""* firmer having ^ 20 



Mc.SiOCMe^^^fHOCC^oxc.H.J 1 ' 
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|fle reaction was repeated f, 

[30 Table I 

. ^cCo mpound (ceS^ 
uuu on reactaats) ar25°o 
HwadecyldinieAyJ. Q 

amine 

n^oP 1 o? 

None 3 *-0 273 

* r . 0,0 4,000* 

repeated"' Pr ° du « d «** ** reaction was 



45 



Using the J! Ma ? pJe 11 
Me 

reacted with * 



J 00 



below, 
i accord- 



55 




and ' 

... Me 
M«,S,0(M e ,s;o) i[Mc0(c I Me 

• ^IW, 0-k.(HO^ H ,o,,c H j,. SiM 



Na.CO, 

Present 
Absent 



Table II 

Copolymer Viscosity 
icenostokes— at 25'C) 
105 ' 



105 
127.5 



Hydroxy, 

8S « 



Ai^^l^afsf was rcactcd ^ ^ 

pound is due to crosslinking v f the hydroxy] 
groups as md.catcd by the lower hydros! con. 
tent of that copolymer. r ^ n 
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Example III 
Me 



Me,SiO(Me s SiO) ls [HO. 



w Z h t, SlIo 'f a . ne and the allyl alcahol 

rSThS "/ four u necked fitted wi* 
n,h^ -A J -, Stirrer ' thermometer and sparge 
rube. The siloxane reactant was present £ the 
amount that provided one SiH grourTpS 13 
ally! groups. Toluene was added ^dEflJ* 

Se ^T^tTV 0 - 507 " ° f wei g ht of 
f-J^ bas,c compound was then 

fertk t> ^ in * c ^t indicated 5 
tte table. The mixture so formed was sparged 
wth nitrogen and heated to 55°C. Then 
W ^ dis «>ntinued and chloroplatiiiic 
S« S -S dded n t0 ^ ^ture in an amount 

S P» aJton parts by weight of the 

1111X11116 was held " approxi- 
mately 85°C. to avoid distilling allyl alcohol 

S^ft aU the SiH was 2nSS 

mg to 130 C. under nitrogen sparge. The 
parged product was filtered to isolate the 
sdoxane alcohol as a nitrate. The viscosfty of 
the siloxane alcohols were as follows- 



40 



H H H 

H-— C = C — C — OH 

I 

H 

Septula* $iI ° XanC alC ° h01 ,WVing avcr * 



H H H Me 




SiOL.jSiMc,. 



SSffi v a , rCactant an 

double bond, a bas 1C compound, said basic 

<T& 0Uad J*? ng 3 ""TOid (a) that is wS- 
soluble and imparts a pH from 8.0 to 120 
to water at 0.1N conc^txan\m' 0 r7oT^ 
is : water-insoluble but soluble in a mixture 0 f 
six pans by volume of -water and teTpara 
by volume of isopropanol and imparts a dH 
from 8.0 to 12.0 to said mixture at0?N cSn- 
Sr ntr ^°^ a " d ' * ,or °Platinic acid catalyst 
for the addition of the SiH group to the 
define double bond and thereafter h££ 
mg die mixture at a temperature at which the 
■ddua occurs to produce the siloxane 

2. A process as claimed in claim 1 wherein 
the catalyst is chloroplarinic acid 

3. A process as claimed in claim 1 or claim 
2 wherein the siloxane reactant is represented 
by the average formula 

R J SiO(R ! SiO) t (RSiHO) J SiR J 



Basic 
Compound 
N ai CO, 
No Base 



Concentration Product 

(wt.% based Viscosity 

on reactants) ctsk at 25° C. 

1.0% • 793 

~ gel 



45 hydro^oup1: CateS CT ° SSlinking thwu « h ** 
WHAT WE CLAIM IS:- 

i al ^ 

which process comprises forming a nSnSrf 

n dr e - re f aCtant < th , at contains an SiH group 
and that is free of aliphatic carbon to clrbon 



(1) 

Sf!!? R ,-V ^^lent hydrocarbon group 

fe. i" Phat,C . Carb0n to carbon muWple 
bonds x has a value from O to 200 inclusive 
and y has a value from 1 to 50 inclusive 
rJ 1 ;* prOC " S « claimed in any one of the 

r a nyU g lcohT WhCrein ^ ° rganic 

daL A l STwterSnSrlanic M£ 
cue is a polyoxyalkylene pdymer rep^£ 
•ted by the average formula 



80 



RfOCHsObOH 



(2) 



or at least 2 and b has a value of at least 1 
, 6. A process as claimed in claim 1 substan 
•tially as hereinbefore described in a™ one 
of Examples I to III. 7 one 

7. A siloxane alcohol whenever produced 



by a process as claimed in any one of the 
preceding claims. 

8- Polyurethane foams including siloxane 
alcohol as claimed in claim 7 as a foam 
stabiliser. 



BOULT, WADE & TENNANT, 
34 Cursioor Street, 
London EC4A 1PQ. 
Chartered- Batent Agents. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



